PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 05-243007 
(43)Date of publication of application : 21.09.1993 

H01C 7/04 



(21 Application number : 04-041338 (71 Applicant : MURATA MFG CO LTD 
(22)Date of filing : 27.02.1992 (72)lnventor : KAWASE MASAHIKO 



(54) LAMINATED THERMISTOR 




(57)Abstract: 

PURPOSE: To obtain structure, in which an effective overlapping area between 
internal electrodes is difficult to be varied, by composing one of the internal 
electrodes of first and second isolation electrodes and the other of non- 
connection type internal electrodes. 

CONSTITUTION: First and second isolation electrodes 15, 16 extended from end 
faces 12a, 12b to the central side so as to be electrically connected to external 
electrodes 13, 14 are formed into a sintered body 12. A non-connection type 
internal electrode 17 is formed separated from the first and second isolation 
electrodes 15, 16 and ceramic layers 12c. The non-connection type internal 



(51)lnt.CI. 



electrode 17 is constituted in a rectangular shape, and arranged so as to be 
superposed to both the first and second isolation electrodes 15, 16. Accordingly, 
even when the positions of the formation of the first and second isolation 
electrodes and the non-connection type internal electrode are displaced slightly, 
the varying section of the overlapping areas of the internal electrode is offset 
mutually, and dispersion can be reduced extremely, thus inhibiting a resistance 
value at a small value. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Overlap on both sides of the ceramic layer which functions as the 
sintered compact which has the ceramic layer which functions as a thermistor as 
said thermistor, and even if few, it has the internal electrode of a pair. One side of 
the internal electrode of said pair consists of the 1st and 2nd division electrode 
extended by the central site from the both-ends side of said sintered compact. 
The laminating thermistor which another side consists of a connectionless mold 
internal electrode arranged so that the said 1st and 2nd division electrode may 
be overlapped, is formed in the both-ends side of said sintered compact, and is 
characterized by having further the external electrode of a pair electrically 
connected with the predetermined internal electrode. 

[Claim 2] The laminating thermistor according to claim 1 carried out if the width of 
face of the said 1st and 2nd division electrode is the width of face and ** of said 
connectionless mold internal electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the laminating 
thermistor which has the structure which raised the precision of the overlap area 
between internal electrodes by improving internal electrode structure about a 
laminating thermistor. 
[0002] 

[Description of the Prior Art] Drawing 2 is the sectional view showing an example 
of a well-known laminating thermistor. The laminating thermistor 1 has the 
structure which formed internal electrodes 3 and 4 so that it might overlap 
through ceramic layer 2a in the sintered compact 2 which consists of semi- 
conductor porcelain which functions as a thermistor. Internal electrodes 3 and 4 
are pulled out by end-face 2b of a sintered compact 2, and one side of 2c, and 
are electrically connected to end-face 2b and the external electrodes 5 and 6 
formed so that 2c might be covered, respectively. 

[0003] With the laminating thermistor 1, the thermistor of low resistance which 
was not obtained can be offered with the thermistor component of the 
conventional veneer mold changing the thickness of ceramic layer 2a, or by 
changing the overlap area of internal electrodes 3 and 4. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned 
laminating thermistor 1, since the overlap area of internal electrodes 3 and 4 
influenced resistance greatly, there was a problem of being easy to produce 



dispersion in resistance by the lap gap between the internal electrode 3 in a 
manufacture phase and 4 etc. This is explained with reference to drawing 3 and 
drawing 4 . When internal electrodes (die-length L1 =1.6mm and width-of-face 
W1 =0.8mm) 3 and 4 are correctly formed in the sintered compact 2 with a die 
length [ of L= 2mm ], and a width of face of W= 1.2mm as shown in drawing 3 (a) 
and (b) for example, both effective lap area is 0.8mmx1 .2mm=0.96mm2. It 
becomes. However, as shown in drawing 4 (a) and (b), when one internal 
electrode 4 shifts X= 0.1mm and is formed in an end-face 2b side, an internal 
electrode 3 and the effective lap area between four become small by field 4a 
(field of the area of 0.1mmx0.8mm=0.08mm2). That is, resistance changes no 
less than 8.3% only by the formation location of an internal electrode 4 shifting 
0.1mm. 

[0005] Then, it is necessary to form the above-mentioned internal electrodes 3 
and 4 so that it may overlap correctly in a sintered compact 2. On the other hand, 
after printing conductive paste to a ceramic green sheet, internal electrodes 3 
and 4 carry out a laminating with the ceramic green sheet of two or more sheets, 
and, finally are completed by the ceramics and really calcinating. It was very 
difficult to lose completely the gap at the time of printing of the above-mentioned 
conductive paste, and the laminating of a ceramic green sheet, therefore it very 
difficult to prevent fluctuation of an internal electrode 3 and the effective lap area 
between four in the laminating thermistor 1. 

[0006] The purpose of this invention is to offer the laminating thermistor equipped 
with the structure which fluctuation of the effective lap area between internal 
electrodes cannot produce easily. 
[0007] 

[Means for Solving the Problem] The sintered compact which has the ceramic 
layer on which the 1st invention of this application functions as a thermistor, 
Overlap on both sides of the ceramic layer which functions as said thermistor, 
and even if few, it has the internal electrode of a pair. One side of the internal 
electrode of said pair consists of the 1st and 2nd division electrode extended by 



the central site from the opposite end face of said sintered compact. It is the 
laminating thermistor which another side consists of a connectionless mold 
internal electrode arranged so that the said 1st and 2nd division electrode may 
be overlapped, and is formed in the both-ends side of said sintered compact, and 
is characterized by having the external electrode of a pair electrically connected 
with the predetermined internal electrode. Moreover, it is the laminating 
thermistor characterized by carrying out the 2nd invention of this application if the 
width of face of the said 1st and 2nd division electrode is the width of face and ** 
of said connectionless mold internal electrode. 
[0008] 

[Function] One side is constituted among the internal electrodes of a pair at least 
by the 1st and 2nd overlapping division electrode which was extended by the 
central site from the opposite end face of a sintered compact. Since it is arranged 
so that another side may consist of a connectionless mold internal electrode and 
a connectionless mold internal electrode may overlap the 1st and 2nd division 
electrode, Even if the formation location of the 1st and 2nd division electrode and 
a connectionless mold internal electrode shifts a little Since a fluctuated part of 
the lap area of one division electrode and a connectionless mold internal 
electrode will be offset by fluctuated part of the lap area of the division electrode 
of another side, and a connectionless mold internal electrode, fluctuation of an 
internal inter-electrode effective lap area can be prevented. 
[0009] Moreover, since it is carried out in the 2nd invention of this application if 
the width of face of the 1st and 2nd division electrode and the width of face of a 
connectionless mold internal electrode are **, Even if the formation location of 
the 1st and 2nd division electrode and a connectionless mold internal electrode 
shifts a little crosswise, as long as either the 1st and 2nd division electrode or a 
connectionless mold internal electrode is located in the width of face of another 
side, the effective lap area between the 1st and 2nd division electrode and the 
internal electrode of a connectionless mold is not changed. 
[0010] 



<DP N=0003> [Example] 

The 1st example drawing 5 is the perspective view showing the laminating 
thermistor concerning the 1st example of this invention. The laminating 
thermistor 1 1 has the structure which formed the external electrodes 13 and 14 
so that the both-ends side of the rectangular parallelepiped-like sintered compact 
12 might be covered. The sintered compact 12 is constituted by the ceramic 
ingredient which can demonstrate the negative characteristic as a thermistor like 
for example, manganese-nickel system semi-conductor porcelain. As shown to 
drawing 6 in drawing of longitudinal section, in the sintered compact 12, the 1st 
and 2nd division electrode 15 and 16 extended by the central site from end faces 
12a and 12b is formed so that it may connect with the external electrodes 13 and 
14 electrically. The 1st and 2nd division electrode 15 and 16 is constituted so that 
it may have a rectangle configuration with a flat-surface sectional view, as shown 
in drawing 1 . 

[001 1] The return, 1st, and 2nd division electrode 15 and 16 and ceramic layer 
12c are separated to drawing 6 , and the connectionless mold internal electrode 
17 is formed in it. The connectionless mold internal electrode 17 is constituted so 
that it may have a rectangular configuration in drawing 1 , as a broken line shows, 
and it is arranged so that the both sides of the 1st and 2nd division electrode 15 
and 16 may be overlapped. Through ceramic layer 12a, while overlap and the 
internal electrode is constituted from the above-mentioned laminating thermistor 
1 1 by the 1st and 2nd division electrode 15 and 16. Therefore, it is the field S1 
which the lap area of the 1st and 2nd division electrode 15 and 16 and the 
connectionless mold internal electrode 17 attaches hatching which the slash 
intersects as shown in drawing 1 , and shows. And field S2 It becomes the sum 
total. 

[0012] For the distance between both, as that to which it does not change, the 
now, 1st, and 2nd formation location of the division electrodes 15 and 16 is one 
lap field S1, when it hits on an idea of the case where it shifts in the direction to 
which end faces 12a and 12b are connected. It is S1 when it becomes small. 



Only a decrement is the lap field S2 of another side. Area increases. It also sets, 
when similarly the formation location of the connectionless mold internal 
electrode 17 shifts in the direction to which end faces 12a and 12b are connected, 
and it is the lap field S1 . A fluctuated part and lap field S2 A fluctuated part will be 
offset. Therefore, in the laminating thermistor 11 of the 1st example, fluctuation of 
an internal inter-electrode lap area when the formation location of one internal 
electrode and the internal electrode of another side shifts towards connecting 
end faces 12a and 12b can be prevented certainly. 

[0013] In addition, the laminating thermistor 11 can be manufactured from before 
using the manufacture approach of well-known laminating electronic parts. As 
shown in drawing 7 , for example, on rectangular ceramic green sheet 18a and 
18b In order to form the 1st and 2nd division electrode 15 and 16 in the above- 
mentioned connectionless mold internal electrode 17 list, conductive paste is 
printed, respectively. The above-mentioned ceramic green sheets 18a and 18b, 
After carrying out the laminating of the ceramic green sheets 18c, 18d, 18e, and 
1 8f of the up and down same number of sheets with a proper rectangle and 
being stuck in the thickness direction by pressure, the above-mentioned sintered 
compact 12 can be obtained by really calcinating. And the laminating thermistor 
11 can be obtained by forming the external electrodes 13 and 14 of a pair 
according to the well-known external electrode formation approach. 
[0014] Moreover, although the 1st and 2nd division electrode 15 and 16 and the 
connectionless mold internal electrode 17 lap through the ceramic layer 17 in the 
laminating thermistor 11 of the 1st example Also in the laminating thermistor 19 
which carried out the laminating of two or more internal electrodes into the 
sintered compact 12, an internal electrode like [ as shown in drawing 8 in 
schematic drawing / while ] the above-mentioned example with the 1st and 2nd 
division electrode 15 and 16 By constituting the internal electrode of another side 
from a connectionless mold internal electrode 17, fluctuation of internal electrode 
lap area can be prevented like the above-mentioned example. 
[0015] The 2nd example drawing 9 is the flat-surface sectional view showing the 



laminating thermistor 20 concerning the 2nd example of this invention, and is 
drawing equivalent to drawing 1 which showed the 1st example. In the laminating 
thermistor 20, the 1st and 2nd division electrode 22 and 23 and the 
connectionless mold internal electrode 24 are arranged in the sintered compact 
21. So far, it is the same as that of the 1st example. The width of face of the 
connectionless mold internal electrode 24 has the description of this example in 
being made narrower than the width of face of the 1st and 2nd division electrode 
22 and 23. Therefore, even if the formation location of the formation location [ of 
the connectionless mold internal electrode 24 ] or 1st, and 2nd division electrode 
22 and 23 shifts crosswise [ of a sintered compact 21 ] a little, as long as the 
connectionless mold internal electrode 24 is located in the width of face of the 1st 
and 2nd division electrode 22 and 23, fluctuation of electrode lap area is 
prevented. 

[0016] That is, in the laminating thermistor 20 of the 2nd example, even when an 
electrode formation location shifts in the cross direction of not only the direction 
to which the both-ends sides 21a and 21b of a sintered compact 21 are 
connected but the sintered compact 21, fluctuation of electrode lap area may be 
prevented. In addition, conversely, although width of face of the connectionless 
mold internal electrode 24 was made narrower than the 1st and 2nd division 
electrode 22 and 23 in the laminating thermistor 20 of the 2nd example shown in 
drawing 9 , as shown in drawing 1010 , width of face of the 1st and 2nd division 
electrode 22 and 23 may be made thinner than the width of face of the 
connectionless mold internal electrode 24. 

[0017] In the laminating thermistor of the 3rd example [ 1st and 2nd ] of an 
example The 1st and 2nd division electrode 15, 16, 22, and 23 is formed so that 
it may extend in a central site from the both-ends sides 12b, 12c, 21a, and 21b of 
sintered compacts 12 and 21. And it is arranged so that the 1st and 2nd division 
electrode 15, 16, 22, and 23 may separate the gap of predetermined distance 
and may counter in a central part. However, as shown in drawing 1 1 (a), the 
thing of the structure which both tip separates predetermined distance and has 



not countered in the sintered compact 25 as 1st and 2nd division electrode 27 
and 28 which laps with the connectionless mold internal electrode 26 may be 
formed. Namely, although the division electrodes 27 and 28 are extended by the 
central site from end faces 25a and 25b Although the division electrode 27 and 
the division electrode 28 are put in order and formed in the cross direction of a 
sintered compact 25 and both tips 27a and 28a have not countered, it also sets 
in this structure. Since the connectionless mold internal electrode 26 laps with 
the both sides of the 1st and 2nd division electrode 27 and 28, even if a gap of 
the electrode formation location in the cross direction of a sintered compact 25 
arises like the case of the 2nd example, fluctuation of electrode lap area can be 
prevented. 

[0018] Similarly, as shown in drawing 11 (b), even if it is the case where the 1st 
and 2nd division electrode 27 and 28 is formed in a triangular configuration, 
fluctuation of electrode lap area can be prevented like the example shown in 
drawing 1 1 (a). 

[0019] As it was below an example of an experiment, the laminating thermistor of 
elegance was produced this invention article 1-4 and conventionally, and 
resistance and its dispersion were evaluated. 

This invention article 1 ~ The ceramic green sheet with a die-length [ of 2.4mm ] 
x width-of-face [ of 1 .5mm ] x thickness of 1 00 micrometers of two or more 
sheets was prepared. And as shown in drawing 12 (a), on the ceramic green 
sheet 30 of one sheet, conductive paste was printed in die length of 1.0mm, and 
magnitude with a width of face of 1.0mm, and the 1st and 2nd division electrode 
31 and 32 was formed. 

[0020] Similarly, on the ceramic green sheet 33 of one of the sheets prepared as 
mentioned above, as shown in drawing 12 (b), the connectionless mold internal 
electrode 34 with a width of face [ of 1.0mm ] and a die length of 2.0mm was 
formed in the center of the ceramic green sheet 33. And the laminating of the 
ceramic green sheets 30 and 33 was carried out, the laminating of the ceramic 
green sheet with which an electrode is not formed up and down was carried out, 



and the Plastic solid with a thickness of 1.4mm was acquired. It is the acquired 
Plastic solid 2 t/cm2 After being stuck by pressure for 1 minute by the pressure, it 
calcinated at the temperature of 1200 degrees C for 2 hours, and the sintered 
compact was obtained. The laminating thermistor of this invention article 1 was 
produced by applying Ag paste to the both-ends side of the obtained sintered 
compact, and being burned on it for 10 minutes at the temperature of 800 
degrees C. 

[0021] This invention article 2 -- Using the ceramic green sheet 30 with which the 
1st and 2nd division electrode 31 and 32 was printed like the case where this 
invention article 1 is obtained, as shown in drawing 13 , as shown in drawing 13 
(b), conductive paste was printed to the down side to the field with a width of face 
[ of 0.8mm ], and a die length of 2.0mm, and the laminating of the ceramic green 
sheet 36 which comes to form the connectionless mold internal electrode 35 was 
carried out to it. And the laminating of the ceramic green sheet of proper number 
of sheets was carried out up and down, and the laminating thermistor of this 
invention article 2 as well as this invention article 1 was produced. 
[0022] This invention article 3 ~ As shown in drawing 14 (a), the 1st and 2nd 
division electrode 38 and 39 with a width of face [ of 0.8mm ] and a die length of 
1.0mm was printed like the case where this invention article 1 is obtained, on one 
ceramic green sheet 37. To the inferior surface of tongue of the ceramic green 
sheet 37, the laminating of the ceramic green sheet 33 (what was shown in 
drawing 12 (b), and thing in which the electrode was formed similarly) shown in 
drawing 14 (b) was carried out, and the laminating thermistor of this invention 
article 3 was produced like the case where this invention article 1 is obtained, 
about other processes on it. 

[0023] This invention article 4 -- The Plastic solid which carried out the 2-set 
laminating of the ceramic green sheets 30 and 36 (refer to drawing 13 ) used for 
obtaining this invention article 2, carried out the laminating of the ceramic green 
sheet of proper number of sheets up and down, and set the whole thickness to 
1.4mm was acquired. About future processes, the laminating thermistor of this 



invention article 4 was produced like the case where this invention article 1 is 
obtained. 

[0024] The conventional article ~ Conventionally, as elegance, as shown in 
drawing 15 (a), by applying conductive paste to the field of width of face of 
1.0mm, and die-length 1.9mm magnitude, the laminating of the ceramic green 
sheets 42 and 43 with which electrodes 40 and 41 were formed was carried out, 
the laminating of the ceramic green sheet of proper number of sheets was 
carried out up and down, and the layered product with a thickness of 1.4mm was 
obtained. About future processes, the laminating thermistor of elegance was 
conventionally produced like the case where this invention article 1 is obtained. 
The resistance R25 and B constant in 25 degrees C per 20 laminating 
thermistors each of elegance were measured this invention article 1-4 produced 
as mentioned above and conventionally. A result is shown in the following table 1 
with dispersion 3valve flow coefficient. 
[0025] 
[Table 1] 
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[0026] In this invention article 1-4, dispersion in resistance is as small as 8.4% or 
less so that clearly from Table 1, and with elegance, it is dispersion R3valve flow 
coefficient of resistance conventionally to this. It turns out [ 14.9% and ] that it is 
very large. In addition, although constituted from the example and the example of 
an experiment which have been mentioned above by the semi-conductor 
porcelain on which the whole sintered compact functions as a thermistor, in the 



laminating thermistor of this invention, only the ceramic layer pinched with an 
electrode consists of ingredients which function as a thermistor, and should be 
clear and break. That is, about ceramic layers other than the ceramic layer 
pinched by inter-electrode, it may be constituted with the ceramic ingredient 
which does not function as a thermistor. 

[0027] Moreover, although the manganese-nickel system semi-conductor 
porcelain which can demonstrate the negative characteristic was used as a 
ceramic ingredient, it cannot restrict to this and the ceramic ingredient which can 
demonstrate other negative characteristics can be used. Furthermore, the 
ingredient which can demonstrate a forward property as a thermistor like barium 
titanate system semi-conductor porcelain as a ceramic ingredient can also be 
used. 
[0028] 

[Effect of the Invention] In the 1st invention of this application, one side of an 
internal electrode is constituted by the 1st and 2nd division electrode, another 
side is constituted by the connectionless mold internal electrode, and since a 
connectionless mold internal electrode laps with the both sides of the 1st and 2nd 
division electrode, even if the formation location of the 1st and 2nd division 
electrode and/or the formation location of a connectionless mold internal 
electrode shift a little, an internal inter-electrode overlap area is uniformly 
maintainable. 

[0029] Moreover, in the 2nd invention, even if the formation location of the 1st 
and 2nd division electrode and/or the formation location of a connectionless mold 
internal electrode shift in the cross direction of a sintered compact as long as the 
electrode of the narrower one is located in the internal electrode of the larger one 
since the width of face of the 1st and 2nd division electrode is carried out if it is 
the width of face and ** of a connectionless mold internal electrode, it becomes 
possible to keep an internal inter-electrode overlap area constant. Therefore, 
according to the 1st and 2nd invention of this application, since dispersion in the 



lap area of an internal electrode can be made very small, it becomes possible to 
supply a laminating thermistor with little dispersion in resistance to stability. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The flat-surface sectional view of the laminating thermistor of the 1st 
example. 

[Drawing 2] Drawing of longitudinal section of the laminating thermistor of the 
conventional example. 

[Drawing 3] (a) And (b) is each top view for explaining the internal electrode 

configuration of the conventional laminating thermistor, respectively. 

[Drawing 4] (a) And (b) is each top view for explaining a trouble when a lap gap 

of the electrode in the conventional laminating thermistor arises. 

[Drawing 5] The perspective view of the laminating thermistor of the 1st example. 

[Drawing 6] Drawing of longitudinal section of the laminating thermistor of the 1st 

example. 

[Drawing 7] The decomposition perspective view for explaining the process which 
obtains the laminating thermistor of the 1st example. 



[Drawing 8] Drawing of longitudinal section for explaining the modification of the 
1st example. 

[Drawing 9] The flat-surface sectional view of the laminating thermistor of the 2nd 
example. 

[Drawing 10] The flat-surface sectional view for explaining the modification of the 
2nd example. 

[Drawing 11] For (a), the flat-surface sectional view of the laminating thermistor 
concerning the 3rd example and (b) are a flat-surface sectional view for 
explaining the modification of the 3rd example. 
[Drawing 12] (a) And (b) is each top view for explaining the electrode 
configuration in this invention article 1. 

[Drawing 13] (a) And (b) is each top view for explaining the electrode 

configuration used for obtaining this invention article 2. 

[Drawing 14] (a) And (b) is each top view for explaining the electrode 

configuration used for obtaining this invention article 3. 

[Drawing 15] (a) And (b) is each top view for explaining the electrode 

configuration used for obtaining elegance conventionally. 

[Description of Notations] 

1 1 -- Laminating thermistor 

12 - Sintered compact 

13 14 -- External electrode 

15 16 - The 1st, 2nd division electrode 

17 -- Connectionless mold internal electrode 

12a, 12b -- End face 
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[Drawing 4] 
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[Drawing 11] 




[Drawing 14] 
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fc^v^riEBifcSft d #5 «fc o \zwmzm&tb*. 

«DEr. ftffi««3, 414, fc?3s/*yy->->-hE 
3f X h £ 3M L fcl*. £&& O-fe 5 5 y ^ ^ U - 

[0006] *^9i©swi4. Mt«M©*3MftD 

[0 0 0 7] 

s^3^a< t%-#ofi*«tm, iwa— *f 
©rt««©-*jw»e^#©#i<WBi«» & "pane 
iitt«nfc»i, 8 2 ©»«***» sao. w, t& 

-»©^HB««t&tt^.5^tsi*afr5, mm- 
sxn*w. sfc, *k©ii2^bj«, amesi, m 
2 ©»i«*©B«t, tfrtB#^srtgB**©i@tSft 

[0 0 0 8] 

[ffflJ] aftO-&5^<tt>-^©rtlBJ*S©5%- 

73^^#©^«ffl^s^*«cs«3nfc® i , $ 
o, #saa!^*ii«t» i , %2(D%m 
2 ©»si€ffiao;#a^i*iii^«©^^fifi^^ 

tlfctUTt), -7j©^fiJ*ffit#S^^*ffii:© 

aft o ffl*©£«##, ^©#a«*fc#s&Ka!rt$ 

40 «ffi©«ftDffi«©^M#TffiS2n3^£Cft3£ 

», ^a«««i©*3»aaDiaa©siisi»jhi--5 2:a: 

[0 0 0 9] *R©^2 3fiWrtt, »1, ^2© 

#a«s©« t#aai!F«jBP««©fi s 2 tix 
sbi, »2©^«j«iRR^#aa®[i*i«e*s 
©^e«^e^iBi£ST-rnfci:LTfe, m, »2 

©»ffl«S4fc^8«rt*««©-*j9^©Brt 

©rtia?effit©p a i©w«)mft o iiMia^. 

50 [0 0 10] 
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3 



4 



T-*t<D9imw i3, 14 s»drr* ^ 1 c «t o . a 

JfU— 5Xi? 1 1 ZftZZtiflTZZ. 
[0 0 14] 3=fc» m©£JfiW©«B-iJ--3X*l 1 



£*T*W?*3o aStJ— 5X^1 114, iC&fMK TTtt. i275y^Hl 7&^LT»1, ?g 2 ©#§«*& 

©«me*i 2oiiijHiii&a5«fc5^«»Ki 3, 14 15, 1 6 1> %mmiPi&9Mi 7 ttmt£r)$t>i< 

s„ H6fc»»fffiHT?jK-r<fc5K:, ttitfri 2«fcf4, 2©^fj*ffii 5, i 6t?. mxmmnmmmm 

12 a, 12 b^5tf>*fflKJE«anfcSl, f§2©# E^WM&Dffiffl©^£l8±r5££#T^ 
SJ*ffl5, 1 6«$nt^5. HI, fg2©##J [0 0 1 5] gl2©SlM 

»«*^rrsj:5ir«ri6*nT^s. 2 o^^-r^ffiSfHSTfeo. %\<jymm\z^xik 

[0 0 11] |*I6(CKD, 161, ®2©^fiMttl 5, UfcfeaiCftSf*»n?»5. SX?2 OT 

16t-fe55y^»12c*IBTT*»iBi!a!rt«*ffil tt. 2 1 ftfcSHT, SB 1 , fg2©#»J*ff2 

7«?nT^5. #«»SrtlH5*1i 1 7 tt. H1K 2, 2 3t, IMfcttSftSW 2 4 £j&tEfi;¥ttTt<> 

ftsrasi-j; 5 ic jg»©»ttft*i-«j;5fcii*an 5. ccrctt, s&i©nii«!iira«t?*s. 

T*9. SSI, *2©£««1 6, 16©5K*caa ©#m«, #&tt9rt&W 2 4 ©|g#, sg 1 , si 2 © 
t)^5«t5CE«SnrH5. ±ES!Ji-9— 5X^1 1 ^ 5HNM2 2, 2 30(W:D"blfc<anT^5^tC» 

j& 1 , « 2 ©frfiJUffi 15,16 TtflfifcSn »S& 1 , 15 2 ©ftfflW 2 2,2 3 ©^ftttflWttilf # 

WIS, 18t, #«f«Srt«Wl7t©«ft01B 24«W1, S20»KW2 2, 2 3©«ftfctt*T 

si ftrmsi ©^w-tfeft. [0016] -rut>t>, *2©*it«©a*u— 

[0 0 1 2] V»S, JB1. JB2©4iM««il 5, 16© 2 0tH Mft2 101SI2 1 a, 2 1bftlMW 

^ffiJB^H#©IH©lg»tt«fcSJa:V>'b©tbT, SS |Rj£W"Cfc<, tt«#2 1 ©ttfrflfcfc^TMfcjSfft: 

ail 2 a. 1 2 bste^iRicrnfca^ssai-rs «j5*rnfc»&T'&, wsADisffosn^Kfjhsn 

t, -^©fi*Dfi«Si **/hS<J5:c.fc»&ttt, S J» #5. H9fc*Lfc»2 03im«|0lMW--3* 

i ©«il>#fc*tf, ffi#©B&r>««Si CII«t *2 0T«, *S5«aifi«W2 4©i|i^l, f|2© 

s. *a«swa5wi 7©^&s*»j(iiiiii $>«t*2 2, 2 3j:D<b»<snTv»fc*». a»ic, h 

2a, 1 2bS|g^ffi][C-fnfc*'8-(-^^T i b, 1 0 t^J; 5 fc» * 1 , * 2 ©0«t* 2 2 , 2 3© 

DS^Si ©iW*»i, S&flftKSi ©8«#itfiffi **#SSRSl*l«SS2 4©fij:r3'blffl<bT'b±Vi. 
gSW^CS*. fcl, fl 1 ©*H^©«H-y— [0 0 17] i§3©g|«a| 

5X^1 1TB, -^©Wffi*ffid:ffi*©rtiB5*S©» mi, SB 2 ©S&JIS0!©«JB'!J--3X*T!tt, tfl, ^2 

J&fcBtfSSiSl 2 a, 1 2 b m5#fiTl"nfc»£© ©#*J**15, 1 6, 2 2, 2 3*», «BlS#l 2, 2 

rt«Wra©«S:0iB*©SliS«^tB&±f 1 OSSffil 2 b, 12 c, 2 1a, 2 1 b#&«f*H 

[ooi3] tit-sx^iut 40 mm 5, ie, 22, 2 s^^^^ee*©* 

ft©«BeTaiJift©l(ift*feSjpJfflbT»fp-r5C:2:*« ¥yySKTT*flnJ-r5«k5tefllSnT^fc. L^L 
T^So Wfctf, H7C*fJ:5t, ^©-fe^Sy? HI 1 (a) \Ztf?£.oIZ, ft|§#:2 5rt£43 

^U->->-M 8 a, 1 8 b±fc, -t-n-en, _hB# ^T#^fflft*M2 6fc*fcD#fc;*ftS»l, $B 

sn^rans 1 7 i , % 2 ©#aiw 15, 2 (Dftmmm 27, 2 s t lt, M#©fts^0TSKii 

16ft»/j6f5&ftfcamt^-XhftHJiIU ±E-fe9 SHTTMlSj$nTt^ c i;^*3g© ; b©^»^tTfeJ; 

5^M-»-M8a, 18bt, ^©±Tfcf^ K tftM, »WI2 7, 2 8H SI2 5a, 2 

i;<«^©aS©tt»©-fe53y^^'J->->-M 8 5 b*6«P*«KBtfSnTH*)8«. 5>ffl«ffi2 7 t4> 

c, 18d, 18e, 1 8 f SflWU *»*IrIC£E» SSW2 8B*|g*2 5©«*lnIfc*V»T*^T»ri6S 

i/fcti-frttritr-srtcj:!?, ±.mm%afti 2*nz tir^o, s^©$tS2 7 a, 2 8aia»rtisn , r^a 
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1, fg2«#fij*ffi2 7, 2 8©jK#KSfcD£fc£n 

fi*iRit*tt5S«^dSfa«fiD-fti*»4i;&tLTt)« 

[0 0 18] HI 1 (b) fcjR-r«k5fc, « 

1 , S5 2 ©^fiMffi 2 7,2 8 SH«?§fOJgttt^«lx 

fc»^i?afeoTfc, mn (a) \z7TsLtcmmmtmm 
[0019] jmtw 

aT<o«t3tl>T, *KIBiftl~4St«e*fto«(l-ii- 
-3**£fP»U ffifftffi&tf-t©tfS:3**i?fliU 

ft. 

*fS9!iSt 1 -fi2 2. 4mmXi|il. 5mmXj|^l 0 

ft. -tLT, iSd 1 2 (a) fc*rJ;5K, lftOt75 
y ^yy->S/-h30±fc, fiSl. OmmStfS 
1. Omm0*£2£$«^-Xh£WJU £1,8 
2©#ffl1tffi3 1, 3 2£»&Lfc. 
[0 0 2 0] |rU§!~. ±ffiO«t5CUTffl*Lfcl*Iffll 
jR©-fe5$y££fij->5/-h3 3±fc, 012 (b) 
fc*r J:5fc, t73y?^'J-»- h3 3©«t>ifcK 
mi. 0mmS^fi3 2. 0ram©#iil^ti3 
4£^$Lfto -tUT, ■fe53y*yiJ->5/-h3 

0, 3 3ft«IBU *o±TK««©»*anTv»a:t» 

■fe93y^4f»J->->-hftWiU J?*l. 4mm© 
JfcJWfcfcfcfc. #StlftfiW£2 t/cm 2 ©JE7JT 
l^BBE*L,fc«, 1 2 0 0r©SST2«|j&U 
jfc*5#£ftfc. #5nfc«ilS#roPii*Ht, Ag^-X 
hSStfU 8 0 0t:©M£Tl 0 ft* E fc 

[0 0 2 1] #fgBJ,S 2 -H 1 3 !C^T<fc 5 (C, 
ffil*8fc»£i|B|ttK:3ll. 3I2©#*«8 3 1, 3 
2 tfBM S nfe-fe 7 3 y ? 9 U - h 3 0 Sffl V\ 
^©T«tH13 (b) HSf«t5fcB0. 8mmStf* 



*fi2 2. 0mm©*«fc:#*^-*h£ftiILT#88H! 

h3 6£fflBLft 0 ^LT, ±TfcaSO«ai[«D-fe93 

T, *fgBJ.S2©«S^-3X*£#MLfto 

[0 0 2 2] *%$A3-H14 (a) fc*f±5IC, 
— #©-fe55v^U->5'-h3 7±fc. SO. 8m 
m&tffi$l. OmmOll, S2{D»fflti3 8, 3 
9e**lJiftlS1lfc«^tH*K:L,TW»ILfc. -fe5 
9 5->^^U->v-h3 7«TffiiC HI 4 (b) fc^ 
■Tfe95y^^U->3/-h3 3 (HI 2 (b) fcjSl/ 

3 ©«!+)— 3 X * *f^« Lft. 
[0 0 2 3] **Bj3^4-#5£BJ&2£#3©fCft|^ft 
■fe53s/i^U->->-h3 0, 3 6 (I13#I) £ 
2M()1U ±TCaS©*»©-fe73y^^'J->-> 

[0 0 2 4] LT, HI 5 (a) fc* 

T«fc5C, Ml. Omm, fiSl. 9mm®^f3®« 
*t»*^-Xhft»#r*!litJ;D««4 0, 4 1 
##Jfc3nft-fe7 3yi^'J->5/-M 2, 4 3 &8( 

c>HTtt*SIWift 1 £^ft«££K«fc LT«D a D ©fl 
*«Mftl~4RE;fie*ft©«!lU— 3X?&2 OfflfC 

ft. iigji&tf5o#3cvd:t'bcTia©^ic*-r. 

[0 0 2 5] 
[Si] 







3 C V 
(%) 


B 

(K) 


B 3 CV 

(SO 


1 


1 8 3 


8. 4 


3 0 5 3 


0.2 0 


*»2 


2 6 G 


5. 0 


3 0 4 8 


0. 1 5 


#Mu"u3 


2 7 8 


5. 6 


3 0 6 2 


0. 1 8 


*38«!H n n q4 


9 1 


6. 0 


3 0 4 2 


0.2 0 


ft 3fc n a n 


8 8 


14.9 


3 0 3 1 


0. 2 1 



[0 0 2 6] *l*6»6*ftJ;5K, *«Hfil~4 



3 y 3 X* t LT«tg-rS«»-e*J*$ 
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[0 0 2 7] icfc, ty^yZmtLT, ft#tt£?S 
[0 0 2 8] 

M0J4*] #k©ss i ssnma. {Hmmm<D-M^ 
mi, %2<Dftmnmz&t), mummimtomnm 
\z&r)®t8,-$nT&n, ^mmmmmifimi, £12 

[0029] Sit, »2«k-?h, m, w,2(Dttmm 
na. rt*«iiosaoiii«eDtf6'3#ft*fltfc*s< 

[0ffl©ffi|£fciB?li] 

[HI] fgl©^S^J©«Slt-5X?©TOfrH0, 
[02] «aj©«S^-5X*©i!»rffi0o 



[03] (a) sr; (b) «, -en-en. tesciraij- 

[04] (a) (b) fi, «E*©«Jgi}— 
[05] Bl©*»©«»lJ-5X^©^l0o 

[06] m©£»W©«Si?— 5X^©«ffi0„ 
[07] fg 1 ©*»J©«J»y-- 5X^£#5XS£a 

[08] »i©sijiw©*j§f«isiawrs&*©«E»fii 

[09] H2 0*JfiM©aJi^-5X^©¥ffiW0o 
[0 1 0] m 2 0*»J©»^J WJrf3fc&©¥ffl 

[011] (a) (J, fg3©S»JlC^.5«IBl^-5 
**©¥BBSrffiH. (b) ii$S3©S«0l©«ffi^J£lB 
BJ-TSfc56©¥HKffi0o 

[012] (a) fttf (b) », *5fi9lffl 1 £*Jt5* 
laMf 4 fca6 ©&¥ffi0» 

[01 3] (a) fttf (b) [J, *5SHift2S#*©t 

ffl^snfc«s^tt*Kgrr5fc*©^¥fflig. 

[014] (a) Hca (b) tt, *5fiMift3S#*©C 
[015] (a) Rtf (b) tt. ^,ftft#5©KffiH 

s nfc* mmtft mm? z tc a 
i i-«jf+t--5x* 

13, 14-Mt* 

1 5, 1 6-Jgl, »2©4MWMI 

1 7-#»aairt»«i 

1 2 a, 1 2b-Sffl 



[01] 
15 12 16 



Si 17 S 2 !2b 



2_J 



2c t b) 



[03] 





L 








T 1 






W, W 

J| 





-34- 



(7) 



5-243007 



[014] 
38 39 




[HI 5] 





m 









41 
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